The many values that humans place on biodiversity are widely acknowledged but difficult to measure in practice. We address this problem by quantifying the contribution of marine-related environmental stewardship, in the form of donations and volunteer hours, to the economy of coastal Massachusetts. Our conservative evaluation suggests that marine stewardship activities contributed at least $179 million to the state economy in 2014, a figure that exceeded revenues derived in that same year from commercial finfish operations ($105 million) and whale watching ($111 million), two acknowledged cornerstones of the regional economy. Almost imperceptibly, the coastal economy has been transformed from one dependent on commercial exchange to a diverse economy that includes, to a large measure, marine stewardship. Donations and volunteer efforts are useful indicators of environmental values that can be hard to quantify, and represent one measure of human determination to protect the planet.
O ne definition of environmental stewardship is protecting nature, often with the recognition that biodiversity sustains humans and other species now and in the future (Worrell and Appleby 2000) . For some, stewardship is seen as a moral obligation to care for the environment and to carry out actions that will provide that care. For instance, some people might practice stewardship through activities like beach cleanups, responding to sightings of stranded marine mammals, or through self-imposed limits on personal consumption and alteration of personal expectations, habits, and values (Hockett et al. 2004) . For others, stewardship can have direct ties to economic sustainability and ecosystem services (eg forestry and marine fisheries) (Chapin et al. 2010) . Although environmental stewardship lies at the heart of conservation, the topic has received limited attention in the scientific literature.
Several studies have examined the underlying value of stewardship, or conservation outcomes from stewardship activities (Bramston et al. 2011; Baker et al. 2012; Wolf et al. 2013) , but a deeper understanding is needed of the value that stewardship delivers to those who undertake and fund environmental activities, and to the broader economic impacts of these activities.
Mapping, measuring, and modeling the benefits that flow from functioning ecosystems help to determine the overall value of that ecosystem's services (Turner et al. 2003; Bateman et al. 2013) . Much of this work has focused on use values, which are commonly associated with material gain or other benefits that are directly consumed by humans, such as clean water and food availability. Over the past 20 years, many provisioning and regulating ecosystem services have become standardized, leading to initiatives such as the US Department of Agriculture's Office of Environmental Markets (Steger et al. 2018) . But calculating the use value of natural systems is only one part of the benefit side of the conservation equation. In addition to these practical benefits, non-use values of biodiversity and natural ecosystems include aesthetics; spiritual, existence, and bequest values, such as the willingness to pay for future generations to enjoy natural ecosystems; scientific curiosity; and moral obligation to other species and future generations (Justus et al. 2009 ). We conceptualize stewardship as a set of activities that lead to both use and non-use values (Figure 1 ). When efforts to clean beaches and harbors lead to improved recreational opportunities, for example, it is possible to determine the use value of those opportunities. Non-use values, on the other hand, can be derived from engaging in stewardship programs or activities, either directly or through donations. People may also obtain benefits from simply knowing that their stewardship will enable a species or an ecosystem to persist, perhaps for spiritual reasons or for future generations to enjoy (see Turner et al. [2003] for a more thorough treatment).
In a nutshell:
• In 2014, marine stewardship and conservation activities contributed $179 million to the economy of Massachusetts -more than the commercial harvest of finfish ($105 million) and whale watching ($111 million) • Coastal ecosystems provide services to humans and other species that are much broader than commercial fishing, calling into question whether this sector should maintain its current level of importance in decision making • The financial benefits of environmental stewardship activities are often overlooked, to the detriment of sound decision making in coastal ecosystems and local economies
Determining the value of these benefits is typically accomplished through the use of non-market valuation techniques, such as asking people about their willingness to pay for a particular conservation action, which have been developed with increasing rigor over the past 40 years (Arrow et al. 1993) . However, it has been suggested that estimates from willingness-to-pay studies are optimistic, exceeding the actual flows of funds for ecosystem protection (Pearce 2007 ; but see also Turner and Daily [2008] , who contest this claim). These valuation techniques continue to be challenged with respect to non-use values, such as existence and bequest values for biodiversity (Justus et al. 2009 ). Perhaps for this reason -and because cultural services are largely intangible and difficult to quantify (Steger et al. 2018 ) -exchange-based values, such as fisheries landings and other use values provided by ecosystems that have clear market prices, are likely to play larger roles in decision-making situations where economic considerations predominate.
In light of the innate difficulties associated with nonmarket valuation techniques, and the considerable amount of value that is often ignored in decision making when non-use value is not accounted for (Turner and Daily 2008) , we describe a conservative and straightforward method for quantifying value derived from environmental stewardship activities. Our study attempts to quantify flows of financial and human capital (donations and volunteerism) that are delivered through stewardship activities. This method provides a direct, albeit highly conservative, indication of the value of stewardship in the economy, as it extends to use values such as recreation and non-use values such as bequest values (see Figure 1 , arrows A and B). Although this approach does not capture the full value associated with stewardship, it does help to improve estimations of cultural services and other less standardized values, and it bypasses some of the criticisms of stated-preference approaches, such as the observation that actual expenditures for biodiversity protection are much lower than people's stated willingness to pay for conservation (Pearce 2007; Turner and Daily 2008) .
J Evaluating the "ocean economy" of Massachusetts
The history of Massachusetts is inextricably tied to the ocean, with much of the state's early economy and culture built on the exploitation of cod, whales, and other marine species (eg McWilliams 2007) . The goal of our analysis was to determine the value of marine stewardship and compare this metric to the revenues of other commercial sectors of the state's coastal economy. We quantified marine stewardship by estimating the time and money people spend to conserve coastal ecosystems, for the ocean's denizens and for human benefit. We estimated this value using available public data on the budgets of environmental organizations involved in marine conservation in Massachusetts (WebTable 1), then compared our estimate to (1) landings revenue for consumptive industries, including commercial finfish and commercial shellfish; (2) expenditures for less consumptive recreational fishing, including harvest and release; and (3) expenditures for whale watching, which is generally considered nonconsumptive or at least less consumptive (Figure 2) .
Our results revealed several surprises. In 2014, the total budget of identified marine environmental organizations and their attendant volunteer activities in Massachusetts was $121.7 million (WebTable 1; see WebPanel 1 for methods). Environmental organizations in Massachusetts with missions extending beyond the state's boundaries, or that included both a terrestrial and marine focus, added another $70.1 million. Inclusion of volunteer hours donated to these organizations raised the total stewardship values to approximately $178.9 million for marine organizations and $281.9 million for all environmental groups whose mission includes marine stewardship (calculations are based on average estimates for US charitable organizations, where volunteer hours account for approximately 32% of donations; see www.nptrust.org and WebPanel 1). By comparison, the landings revenue for finfish in Massachusetts in 2014 was $105.4 million. Surprisingly, the value of stewardship and caring for the commons was greater than the value of extractive finfish operations,
Figure 1. Stewardship activities produce benefits that have both use and non-use values. Use values typically derive from an enhancement of ecosystem services, whereas stewardship itself can deliver non-use values directly through biodiversity conservation. There are examples to the contrary, such as when stewardship itself is viewed as recreation (dashed arrow heading downward from right to left) or when an enhancement to an ecosystem service leads to additional non-use values, such as attachment to place (dashed arrow heading downward from left to right). Values aggregated here stem from volunteer hours and donations via the flows labeled A and B. (a) (b)
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which have substantial cultural and historic importance in the state. The landings revenues for shellfish totaled $419.7 million; they were largely driven by the sea scallop (Placopecten magellanicus) industry, which accounted for roughly 65% of total revenues (NMFS 2016) .
There were other unexpected findings. The total expenditure for recreational fishing in 2014 was $688.5 million (NMFS 2016), much higher than the expenditure for commercial fishing (see WebPanel 2 for calculations). The total expenditure for whale watching on Stellwagen Bank, an underwater plateau located about 25 miles offshore of Boston, was on par with commercial finfish harvest in the state, at approximately $110.8 million (for 2008 O'Connor et al. 2009 ). In contrast to finfish, shellfish aquaculture production has been expanding at rates of 10% or more annually, with an estimated production value of $16.5 million in 2014 for oysters and quahogs (Mercenaria mercenaria) (MDMF 2015) .
Although donations to marine environmental stewardship and the accompanying value of volunteer hours were larger than revenues generated by whale watching and extractive fishing industries, these activities are almost always overlooked in traditional decision making, a pattern that is repeated at the national level. Donations to charitable organizations for the protection of the environment and of animals in the US totaled approximately $10.5 billion in 2014 (www.givingusa.org), with volunteer hours increasing this number to about $15.4 billion (these values do not separate marine stewardship from other types of stewardship). In comparison, commercial finfish landings were valued at about $2.4 billion and shellfish at $3.1 billion, income from recreational fishing was $22 billion, and whale watching was valued at $1.1 billion per year (O'Connor et al. 2009; NMFS 2016) .
Overall, the reported values provide a rough sketch of the time and money invested in stewardship relative to other activities, such as commercial and recreational fishing. These values are not meant to be comprehensive, and do introduce several methodological limitations. For instance, some organizations were excluded because they dedicate only a small amount of their total budget to stewardship, and therefore stewardship is not central to their missions. In addition, our accounting approach might have double-counted some values. For instance, if one marine organization gave a grant to another nonprofit, and if we lacked the data to assess cross-organization economic flows or to scrutinize the individual budgets of each organization, then we would have counted the value of that grant for both organizations. In addition, there is the potential for our approach to allocate some expenditures to marine activities when they might actually have been used for terrestrial programs, but the reverse is also equally likely (see WebPanel 3 for our accounting methods).
Our study does not explicitly include two essential forms of stewardship: direct private-sector efforts, such as donations by companies in Massachusetts, and direct government expenditures on marine stewardship, such as government salaries and policy-induced measures (for an analysis of public policy and stewardship support for agricultural programs, see Dobbs and Pretty 2004) . However, such government stewardship efforts are substantial. In 2014, the budget of the US National Marine Fisheries Service -the federal agency responsible for the stewardship of the nation's marine resources -was $999 million, which included expenditures for Protected Species Research and Management ($176,700,000), Habitat Conservation and Restoration ($41,700,000), and Fisheries Research and Management ($426,060,000), among other activities (NOAA 2015) . Our study does include expenditures in the form of certain government programs such as Sea Grant, and through donations by the private sector to organizations like the Massachusetts 
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Audubon Society and The Nature Conservancy, but it does not explicitly quantify these private-sector and government efforts. Disentangling these efforts is a challenge; it is likely that a stewardship network has formed in coastal Massachusetts, creating a complex set of interactions between nonprofit groups and decision makers, as is the case for environmental stewardship in urban areas like New York City (Connolly et al. 2014) . Despite these limitations, we believe our results are illustrative of the importance of marine stewardship to the economy of the northeastern US, and the approach we developed is a useful metric to begin assessing the economic value of stewardship.
J Bringing stewardship to the decision-making table
We consider this human concern for nature to be an example of "stranded capital", or the flow of stewardship action and revenue that is often ignored -"stranded" -during economic decision making. These efforts, which include responses to stranded marine mammals, guardianship of sea turtle nests, and even great white shark (Carcharodon carcharias) rescue efforts, highlight the money and time that people expend to protect and restore marine and coastal ecosystems and the native species that depend on them, whether for their existence value, for their contribution to ecosystem function, or for the social and psychological benefits they provide. The idea of finding a way to account for the value of stewardship began with our observation of a marine mammal stranding on Cape Cod in Massachusetts, and although we restrict our concept to environmental stewardship, we recognize that other activities, such as unpaid housework, also contribute to the economy without being acknowledged in formal measures. Stewardship is part of the economy, too, and it should be given the same weight as is applied to user groups such as commercial and recreational fishermen in Massachusetts. We believe that our approach can be applied to other systems that provide both extractive resources (such as timber and working lands) and recreational and stewardship activities (such as hiking and land preservation). The concept of the stewardship economy offers a bridge between use and non-use values; applying it provides one method for measuring the time and money that people invest in conservation and decision making. This approach fits in well with the idea that biodiversity itself can act as a good -the objects from ecosystems that people value through experience, use, or consumption, whether that value is expressed in economic, social, or personal terms -rather than simply as a regulator of ecosystem processes (Mace et al. 2012) .
There are a number of ways that environmental institutions can help focus stewardship activities. Examples include stranding-response networks, volunteer efforts such as coastal cleanups and citizen-science activities, and policy campaigns aimed at protecting endangered species and promoting other environmental legislation. In Table 1 , we present five methods for measuring value related to conservation and stewardship. Some of these, such as contingent valuation, which relies on people to report their willingness to pay for a particular good, are well established in the literature; others, such as interview protocols to determine cultural ecosystem services, are relatively new. Chan et al. (2012) Environmental stewardship and the economy J Roman et al.
practical strategies for addressing cultural and nonmaterial values, such as using decision-making forums to determine local values that defy conventional monetary valuation. These approaches can have their own limitations, mainly that such evaluations are often derived from interactions with a handful of individuals and thus may not represent broader societal values. When quantifying the value of conservation and stewardship, the inclusion of relational values -such as the fulfillment provided by stewardship and the social responsibility in caring for ecosystems -can help reframe the discussion about environmental protection and encourage decisions that better account for our relationship with nature and notions of a good life (Chan et al. 2016) .
Approaches to environmental ethics range from an anthropocentric approach, the most extreme, with a purely instrumental view of nature, to an animal-rights approach where sentient animals have moral rights, to a more holistic approach, popularized by Aldo Leopold's land ethic, which focuses on ecosystems or the biosphere (for a discussion of these approaches see Vena 2009 ). Stewardship can arise from a sense of personal responsibility, the ability to bring about change, knowledge of environmental problems, awareness of the consequences of behaviors, and the presence of skills (from critical thinking to practical experience such as boat handling) to restore natural systems and minimize environmental harm (Hockett et al. 2004) . Emotional affinity toward nature and indignation about ecological degradation can motivate people to engage in stewardship activities and join conservation groups (Kals et al. 1999 ), yet these motivations are rarely considered to be of comparable importance to economic ones in traditional trade-off models. Investment in the stewardship of nature is an indication that it is being valued, a factor that resource managers should be taking into account. But do they? Sometimes. The State of Maryland, for instance, developed a value-added scorecard to help guide decision making on restoration projects and other conservation expenditures (S McGuire, pers comm). In analyzing the return on investment of its state parks and other conservation lands, Maryland quantifies volunteerism and stewardship as social benefits that are on par with economic benefits like flood protection and environmental benefits like biodiversity. We believe that these instances of stranded capital -such as donations, volunteerism, or other such overlooked activities -should be taken into greater consideration and play a more direct role in policy and valuation studies. For example, both the Massachusetts Ocean Management Plan and the US Northeast Ocean Plan are farsighted efforts to protect marine habitats, sustain human uses of marine resources, and set standards for future development in marine ecosystems. Marine stewardship should be recognized as an important part of the coastal economy, one that can help reframe the goals for coastal and marine ecosystems. For instance, rebuilding targets can be established for populations of native species, such as river herring (Alosa pseudoharengus and Alosa aestivalis). These new targets could go well beyond traditional methods of optimizing fisheries yield, fostering coastal systems that can support other marine species -ranging from tuna to whales -that depend on these herring.
Stewardship often focuses on the conservation and welfare of charismatic marine mammal, seabird, and sea turtle species (Panel 1). Cetaceans and seals, like all mammals, have the capacity to experience pain, and their suffering can invoke a moral obligation in people to acknowledge that pain and to help mitigate it (Vucetich et al. 2015) . Sea turtles on nesting beaches attract thousands of people every year who want to help guard turtle nests, assist hatchlings in reaching the sea, and engage in turtlerelated data collection. It is more challenging to foster ecosystem-based stewardship, but not impossible. The Ocean Conservancy, for example, organizes global coastal cleanups each year on beaches and waterways, and in 2014, 561,895 volunteers removed 7.3 million kilograms of trash from coastlines around the world (www.oceanconservancy.org). Nonprofit organizations can use charismatic species as motivation to help protect the marine environment, much as endangered species have been essential in protecting ecosystems, or critical habitat, under the US Endangered Species Act. There is also evidence from tropical wildlife conservation that the public's wish to preserve charismatic flagship species can extend to other, less well-known species (Morse-Jones et al. 2012) .
Many human activities are motivated by a desire to extract natural goods and services from nature, and these activities often have an impact on wild populations and natural systems. The labor and donations of thousands of coastal residents reveal a strong wish to protect the welfare and future of the ocean's denizens and the people that depend upon its resources. Stewardship is a rare case in which human activities are motivated by a desire to enhance and restore the integrity and sustainability of nature. Does it work? There is abundant evidence that private and government efforts can help recover species and improve the status of endangered wildlife (Roman et al. 2015) . Furthermore, stewardship often has the additional value of enhancing benefits for everyone over the long term. For example, in 1983, the Boston-based Conservation Law Foundation sued the US Environmental Protection Agency and the Metropolitan District Commission for violating the Clean Water Act by allowing 3.5 billion gallons of pollutants to be dumped into Boston Harbor each year (Valencia 2016) . As a consequence of the decision, by 2016 the harbor was considered to be one of the cleanest in the country. Wildlife returned to the area, and residents and visitors could safely take part in activities such as boating, swimming, and recreational fishing.
Over the past several decades, the coastal economy of Massachusetts has been transformed from one highly dependent on wild capture fisheries to a more diverse economy that includes stewardship, recreational fishing, whale watching, and, increasingly, aquaculture. We One of us (JR) was teaching a field course on marine spatial planning on Cape Cod when the class came upon four dolphins stranded in a saltmarsh. We had already examined commercial and recreational fisheries, aquaculture, wind power, and whale watching: human uses that provide important benefits to people in coastal areas but can also have negative ecosystem impacts. This stranding was unexpected, of course, as was the quick response. Eight employees of the International Fund for Animal Welfare (IFAW) soon arrived, as did 16 volunteers. Two police officers were also present at the scene. A crowd of about 35 bystanders -many exhibiting strong emotional reactions -gathered as the dolphins were released.
After observing the efforts to rescue the stranded dolphins on that winter afternoon, it became clear that the response to marine mammal strandings -as measured in capital and labor, from volunteer time, to paid positions, to equipment -was being overlooked in the valuation of marine ecosystems. The experience inspired us to look at economic values associated with stranding events and other forms of coastal stewardship in the US Northeast. The Marine Mammal and Sea Turtle Stranding and Disentanglement Program, a federally supported program that links partner organizations, received approximately $2.7 million in 2014, with $264,000 to New England (www.nmfs.noaa.gov/ pr/health/prescott/2014funded.html). The Northeast Regional Stranding Network is part of a national group of organizations that responds to stranded cetaceans, pinnipeds, and sea turtles. The network is part of the Marine Mammal Health and Stranding Response Program, which was formalized by the 1992 amendments to the Marine Mammal Protection Act. The National Marine Fisheries Service is the lead agency of the response program, coordinating activities among volunteer stranding networks that have been established in all coastal states in the US.
The powerful response to strandings likely arises from people's concern for the animals' well-being and an empathetic response to their pain and suffering (Figure 3) . Although each marine mammal stranding response is unique, there are general trends. On Cape Cod, most stranded animals are euthanized or die before a rescue attempt is administered. Everyone we interviewed agreed that individuals who witnessed or engaged in stranding responses gained something personal from their experiences, and stranding organizations continue to weigh the costs and benefits of stranded marine mammal responses and their value for ecosystem protection ( Table 2) . We suggest that it is important for these organizations to plan for success -that is, for a time when marine mammal populations recover and stranding responses shift from a conservation focus to one that concentrates on animal welfare -and to consider how they can best transform the motivations of those who wish to protect individual dolphins, whales, and seals into a willingness to restore the ocean and all its inhabitants. 
